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Abstract of JP2000339735 

PROBLEM TO BE SOLVED: To simultaneously output light 
rays of green 450 nm and 480 nm, to achieve a large output 
with high efficiency and also to easily realize a green up- 
conversion laser by using the same means in an up- 
conversion laser using Tm (thuluim). 

SOLUTION: This laser device is provided with a light source 
30 for outputting light near a wavelength A and a means 308 
for reflecting light near the wavelength A at the other end of 
an optical fiber 305 to form an optical resonator of the 
wavelength A. In this case, an up-conversion fiber is set up in 
the inside of the optical resonator of the wavelength A, the 
optical resonators of a wavelength B composed of reflecting 
means 306, 307 of the wavelength B are structured at two 
places of both ends of the up-conversion fiber, an SLD chip 
side reflecting means of the reflecting means in two places is 
made to be of high reflection 306 and the other side one is 
made to be of partial reflection 307, thus the output light of 
wavelength B is obtained from the partial reflecting side one. 
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1 RSAj5ia<o3t*w*-r5^— /us 

2fiMt-jfefiB(OR»^aS:KltTaSfiBO*;*fi»Sr io 

«j*u atrE2«sfwsi*#ao5*>sLD^5/7 p aa«: 

^r-r^w-if^Bo 

Aiaia^SrSW-rS^Si: LT 6 5 0 nm#iS©gfe 
MlOO%i£<S»L, ftSBWS»¥a^LTSL 
D^-y^flH-CH: 4 5 0 nmf^i5i3i:t>*4 8 OnmMift^ 

1 O 0%i£<KWUiM8KHTJ;3:4 5 O nmttfi&cfctf 4 20 
8 0nm#fiS:S|I»E»U 4 5 0 n m#ifi^ J: 4 8 
0 n mf*i£(Offl**«r»6*«:»»^ 1 E4R 
(DTyy^^ ^3^77^^ u— if 3£Bo 

[If ** 3 ] ituERfi B <DKM^®L<0 HSLDfy 

4 5 0 nm{+iff*5j:tM 8 0 n m#iSTS#5KW*Sr 
iH-«»)R»«:ffl^5*S:»«4:t5Ml#*2Bt^ 

[»*«4] HuiaRgAifiia^^^stt't-^fuiES^ 

^S^UT, 30 

«»©ttfttc*tL-ca^wici o o%i5<sM-r5s:tt 

JS 3 E^CDT 3/^=1 W«— ^ 3^77^^ W- if 3Sfi« 

[if #31 5 ] ME»fiAjSia^a^W»»^tt*i: L 
TIL 

6 5 0 nmWia^)*fettJ:(/6 7 0 n mfti£<0#fe;)t 

Tfet), rubojt* i o o%fi<K»tmiwt 

-T 5 If *® 4 Ett?) T yf^ isa ^77^^^ 

IffjfcJge ] WEtt«AiEjZZ<031«tt**o«t«i: L <° 
TIL 

6 4 0 nmttifi. 6 5 0 n mftiif «£ 1/ 6 7 0 nmf+iir 
^^fe^tTfe^. wtlbSr 1 0 0%itt< Km* 
*i«»#«4Et«)7y^3y/^3^77>f/< 

u-if^Bo 

flfFE4 5 0 nmtti&k 4 8 0 n m^j^tCiD^T 18 0 0 
nmftM«fa^tt,l 8 0 0nm#ifctt*fi8 
«r»«-T 6**«W £ -T 2 6 <7>V ^ tiMz 

E^coT y7=zss<— its >77>f if^So 50 
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[ff*^8] iE7 7 7 s ^ y - ^ 3 y 7 7 ^(t^ 
yW^^A (Ho) ^ftyS:ttL^3t77^^fc^ 
MffiftSAi£ia(0)tSrS*ti"6#S^ LT6 4 5 nmW 
iftO*fe#*ioo%ifi<KitU (MrEttJtBORW* 
ITS LDfy^ffl-CliS 4 5 nmtti££ 1 0 0% 
iE<^Ltt»«-?tt5 4 5 nmftar«r»#R»U 5 
4 5 nm#i£Offi^3t€:#6*S:^m^-r5it*^lE 

r s> 3 > 7 r >f u— if 3SBo 

/Ufcf^i* (Er) >f *->&SaPLfc#;7T>r'<Tfc0, 
8(tEttSAi£jaoJtSrKtti-6^ai: lt9 7 0nml 
/5:tt8 0 0nmf+ie<0*^3tS: 1 0 0%iS<SWL, fu 
EJS*B<0R*t#&i: ITS LD^T/ffllTfSS 4 5 n 
mtt££r 10 0 %iff < Rlt Lffi»«ITtt 5 4 5 n m#i£ 
*8B#RMU 5 4 5 nm#fi(DfflM4: / #5f^» 
it5l»MiEt©7 5'7 p 3y/<-^3>77>f^u 
-if^fio 

[0 0 0 1] 

'<-^g ^7 7 >f^ v-if 5 0 

[0 0 0 2] 

[8£3$tf)&#r] J. Y.Allain, et. ; "Blue Upconversion F 
luorozirconate FiberLaser "Electoron. Lett. 26, 199 
0, 166{C*5V^TTm3+^^->$r6 7 4. 4 nm, 6 4 
7. 1 nm(D2l^fe)ttBgLfcffl^4 5 5 nm, 
4 8 0 nmOTm3+^t>(CJ:'5777 P 3>/<-^3 

ifa*«*£*XT^5 0 r^«^T«4 5 5 nmUi 
^J^NVU-XTfctK 4 8 0 nmfi^^V^tt<Jr/^oT^ 
9, CW (Continuous Wave ; iSSt^) lifibtltl/^ 
V\ 

[0 0 0 31 E. W. J. Oomen, et. ; "A Material and Devic 
e Study for Obtaining A Blue Upconvrsion FiberLase 
r" Philips J. Res. 46, 157-198, 1992^C^V^Tfifffi : ^^ 
£tlX&Vm2 (A) , HI 2 (B) tCTF-fo 

[0 0 0 4] 0 2 (A) IL TmS+^tyOx^/^ 
— m#T£>9, Tm3+^ty?:6 5 0nm^)t-Ciag 

T1 0 1, 1 0 3, 1 0 5tt»iR»» Ot*RJRLT^ 

5 0 1 0 4, 1 0 6(iMIf (x^-^Ht 
SfeW-r^^) Tfc9T(S]£^T^LT^5o 102 

tt#*aa»-e*>9Tiei#»tt*Bi-e*EaFJxT^So 

SS5pfiT3 H6 ^i:U J #^3H4. 3H 5 , 3 F4 , 
3 F2, 3, 1G 4 , 1D2£#**SM&1, 2, 3, 
4, 5, 6, 7, 8 ^Pp-Sd £K-f5o Tm3+^t> 
4:65 O nm^ifiLfei: t±ffi^«t 
-*»*#JWfl[TfTto*tTV^ 0 
[0 0 0 5] TmS+YtyOx^-ilgr^ 
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LWffi4a>fe!|Sffi8H*£l 0 3t5 0 ft*c!Wlt8^e> 
2Wtt2tca#-radSw(0^#tt4 5 0 nm(7)ffe3t« 

s 0 *LTfl^7a»fea»w(tiicai*»i o ers 

flSro£#0>363tofcft4 7 5 nm(4 8 O nmlWS, 
[0006]B2 ((B) ft, ®igft£6 5 0nmaio 

fc^t^ #!Wt©»#**S:«tt^, 3t^r7-P 
(W) iSmCiofcjWfW-efcSo #'*I7— 0>J*ftllC 

f#v\ qste7iqsffiio^o^^sfe9, *te7o#:fc 

CTV^:io«9, 4 8 0 nm<OCWffl*^^rHB-e*>5r.i:S: 
^ttV^o o**K B| 2 (A) «I#10 6« 

fir 8 <&5>*«#ftJWfc 2 (Dfrjfimm&Mx-Z ^ktfte 

<, 4 5 0 nm<&CWffl*#^#ftV^£ fc^SftTV* 20 

6 0 rnftJWft2JC»fti-^K^fWfe^6m s £#fifK: 
S<> *tt8(Cf4t51f^^5 5 /x s tm^Z k 

[0 0 0 8] 

L J: 5 £t-5fl®] f>f^^K*Iil 
T> &gft;* : 6 1 0 nmM6 3 0 n m. B : 5 10 
nmM5 3 0 nm, 460 nmM4 7 0 nm. 
tti;*jftW (!7 : vM ^7^«±^Utfc5o StgtcH 
LTft> ffiE«(c*tLT*. »ft^><Of!F**B^4>-5o 

fiijtcftnft#& i ft 5 *K »^*«fi«»cftms 
S^«Sffld5*L<»< ftS 0 

[0009] wfttts&jMfc-rsw-iF t it, $ 
a*. ft^tt^a^bSBft^^^wffl^oa 

[0 0 10]^:, SHGIZ 

lS-»«*C**o'CL*9o 4 
6 0nmM4 7 0nm(DB^S«fcU 

d«A#^o*ui*w«gft«*#F0iiftAafce>ftv^ 

[0 0 11] L^Lft^e,^ i>a (Tm) ft4 5 0 
n m i: 4 8 0 n m4r@»(Cffl 5 pflgft^J, 5 , ^ 

<4 xyu^m&lZ&ljZ>4 6 0 nmM4 7 0 nmftk 

[0012] ^*^w«j£fcftys£scw (5i 

Tm<0«MM«H4flM»&4 8 0 n 50 
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mtH^ftCW^pTIB-CfcSi^ ±i£Lfc*Pte8 £*#:2 
*>B8flW>e>4 5 OnmfflS^CWfflA^SCBt-Cfc 

[0 0 13]^:-C*^it Tmt«^fc7^3^ 
^-^3 y l/-f Cio^ttfe4 5 0 nm, 4 8 0 n m 

[0 0 14] 

^ t- y 71 i*77^^tfiK«»Hm SL 
D 9- y TtoflMB k%7T4 '<<nm&K3&3: AiEBZ<&# £ 

» y K7r^^V- iFaSWcfc^T. **A«)3t*iR» 
©tf>C7y^3^-^3>77'r^4:»iU 

=» ya>7r^f /<co W$g<D2ffl/5f tc j&g b coRM 

&¥fWLk-tZ>b<DVhZ> <> ±tS(OjK*BO*fi«agSr» 
[0 0 15] 

[0 0 1 6] Hi (A) , Hi (B) ft. 

[00171 B2 (B) ft»K3fc*6 5 0 nmi: Lfc£ 

✓<r7-p ( W ) ofcfc £ 0 

[0 0 18] r<DHi-*5V^T**fC^l7-dSi«V^« % 

ffiSftmte l (Dftm&m. i 9 < , R<E#*:Rttt;L 

ftoTV^ 0 g*H7ft, 4 3mW6JLbfcfc<5£* S¥l 

[0 0 19] C<B£#*»a»&#ftfl«fc:Hl (A) 
ffi7£JWfclM-e»»tttti 0 6) £t?fto 

fc<t<S^-re o *K7^^>2pffil^S|*»Ui 
^106) T^T^S r <h "Cttfi 4 8 0 n mCDytfriktt 

[0 0 2 0] ftg6 5 0 nm(OSjg3t{-J: tJ+^ftSbg 

^>*ffi7-.Sbgg^i o 5^MWl:H5,*^ ¥fi2 
^^*3J«ft^>-r5o 
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B${:*fi4^MI#102U 3Htt4©5MfflB*a« 
[0 0 2 2] !W(t4 0«^<0»****S*|lDU, *fc2 

[0 0 2 3] «±<&ifl&tc J;0*fi2 £>$M&«aea>«4> 

[0 0 2 4] r<&R«4 5 0 nm<Ot»tttl|lffi2<0»* 

[0 0 2 5] Tm3+>f *-yicfc#fcBfi# 

8 0nmO»clt3t«r*»^»#ttlHS*, ?Pffi2^^3¥ 

ttDPS^SCliKfc*. ri;h4CJ:5 4 8 0nm©iW3te 
^JWtt8^&^2^RS»»»tCj:5 4 5 0 nmOSc 

[0026] (mi (Dmmcowm) &>±<nmm\cm<s 
MKRw-fSo en (a) jc*5v^T3 o mjafiftSHfi 

ja-CfctJ, "P-i>tt*6 5 Onm#3fiOBjE3t«rW*r« 
S L D (super-luminescent diode) XM&£tlZ> 0 3 0 

2i*ajB#sB«K3 o i &mw>£itz>itib(Dmw}ms:T* 

[0 0 2 7] 3 05147 ©7* / Vx+^ 

ofiv*W^45*7r>r/^*9, ^tf^rgiucte 

®S3tig3 o i tytyr'f'<3 ostm&TZttVxo 
mitLX-em&Ztix^Zo 3 0 4tt^7— -efco. iSifi 
*rat 3 o i *-^«8d*e>tM*-r-5aie**RW 

«x.tfwixttBiE*«*ll3 0 

9 . ®jg#;<D&§ 6 5 0 n mtti£i£*f It 9 9 %£X±<D 
*SW*S:*-r5o 3 08fl3t7r>T^3 05*l£fls»S 
fxtnyrJ^lf^-y-j >-7x&><9^ Bfi»fi6 5 0 
n mf+iEK:*- 199 %»±0*Klt«*t 5 £ 5 KB 
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5t**T««lWlcH*r**:»tS*fc«R»"C*>6. 3 0 
6. 3 0 7tP«l:77^^^l/-f^^m^ jfi 
f4 5 0nm^4 8 0 n m £ trftfcEttt - * «t 5 i^W 

[0 0 2 8] It 3 0 60^l/-r>f ^^tt**t-en 

«fc5K«J5E£*bTV^ 0 3 0 9l47 7^^4 3 {c#A*ti 

[0 0 2 9] fcfcHl (A) &#JBLT*»W<0*10> 

[0 0 3 0] Sbfi*»K«3 o i a>bSjg#asW 

fcBifiJteras 7-3 o 4(cSW^ttWU ? Ki^3tai^S3 
0 lSriiiait«*ix5o «WHS3ft»bUt*UfcHijB*B:JIS 
^*^3 0 3 t^LTft7 7>r>><3 05KAW-*-<5 o * 

U Sg^^F- 3 0 3^ LTWWBfiJfclRSHl 3 0 1C 
AWL. iBifliStlSixSo SBfifttcgiLTte. 5 

7-3 04 ^7r^/^l/-7^i/3 0 8^ffl-C*Jl 

3 0 5*-C<Di«V^Bfi3t«ff*f*o* 4:a*-C** 0 
Bfi3ttt3t7r>T^3 05jcSSJDSnTt^Tm3+^ 

[oo 3 n ffim\stimm<D&oi^ ^(nm&yt<Dyt& 

**T#*lC*V^ttMHCt-5^i:^J:9**4 5 Onmi: 

4 8 0 nmWMJtl5o r (Dfzit>\C ~ *l 4 
50nmH80 n m©M*l-*f 1 1 7 7 ^ ^ 1^- 
7^^3 0 6 (<SE#t) £307 (Sfl#M£f) £ 
fi#aMft«£ixTV^ 0 *fc3fc77-<'*3 05*K*fA 
Sftfcffi3fc*^3 0 gtc.fctK »ft*lRjO«*KIHLT 

ftKBSLTaiKSfi£*L5o KV^Bfi*****»fc*ufc 

*±^-1f»*-r5p rti SB#EJft<£>7 
7^^^W-r^>^3 0 7!rI®L, jt7 7^/» 
e?iKg4 50nm£480 n m<03t£r|^ll#{;i#6 r * 

[0 0 3 2] ±E©J:5K:, r©*W"Ctt*««fcJ:0 
[0 0 3 3] «JKOHffi<o^ffifc*3V^r3t7r^^3 0 
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307^3 o %<n&wm&*xfr&xxhmm<nmv?* 

[0 0 3 4] &1tffltm*3 0 9 fc**lfi«Oj:5fc<flr 

6^:3 0 7 fc^*J*3;h,S#««^cfcntf&V\ 
[0 0 3 5] ^f:7 7 Y/^l/-f><>i/3 0 7|j:4 5 
Onm, 4 8 0 rtt 

LTt>&V\, 

[0 0 3 6] * fc, BgftJIgig 301 ««*?B«-e« 

[0 0 3 7] *77'f^3 05t©77'<^W 

[0 0 3 8] 4fe*7 7^^3 05li#»«4(rIM 
o = T*«poJ: 3*«*«flF7r>r^S:fflv^Tfcftv\ 20 
[0 0 3 9] fi3t*^-3 0 9KMe«9iK£o-Ci& 

[0 0 4 0] Ho3+^t>^S6 4 5 nm# 

jfi<Z>Bje*^Siei'5£i£fi5 4 5 nmC0tt5^?r#^r 

<h # -e § ,5 r 3, ^ 3 3 v if^#^ £ jft/r ^ 

5 C ±EO*lfi05»«iRI«<?5«J«(C*5V^T. Tm3 + * 

B69&1 0 1 tC*5*tSKJR^^<^ h/U£)cfi'bftft— 6 7 6 nm 

Bfilf 1 O StCfcttSRiR;*^ f/^W«I-6 4 7 nm 

BjES»1 0 5K:i3tt5RJfc;*'<* h/KD^'frtt*-^ 4 0 nm 
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*>f 3*->tf>ftb"J CHo 3+>< ^-^Sr^ioL^jt^r^^ 

3 05£flH\ %W&m.Z 0 l<0ft;btUCttfi6 4 5 n 

—7* > ^OS»tpi«fiS: 3 0 813 6 4 5 n mf+iff. 
306, 30713 54 Snm^f^r^a^^ 

[0 0 4 1] Ir]^(CE r 3+^t^S9 7 0 

nm#ffifc5VMS8 0 0 n mttitfcDft-CBig-?- 5 £ 
5 4 5 nm<0|U*^fetL5^i:fc«*SixTV^ 0 ~ 
nt>±faO||Jfi^l8l ^I^)«cr)«^(C*5V^T > Tm3 + 
>f r 3+^ty^tttfc3t77^^ 

3 05&/Bl\ ftaR§fi«3 0 1 <^ft*> t? ^«S9 7 0 n 
mttiS*>5VM3»g6 4 5 nm«-i£(DiajejtS:«-r63t 

?:77^^-i/U-f^y^3 0 8il, 9 70nm#i£ 
fe^VM18 0 0 nm#ig, 7 7 ^^-^W7^y^3 
06, 307 13 545 n mf+i&C-TS ^ t (C J: £ flf^ 

[0042] (12 (Dmmvmm) lEii-emw 

^Tfifi4 5 0 nmM80 n m £ <£>f5j&S£r[^]B#3£S 
^Sfc#>tCJ3HocDBi£5S# 1 0 1 , 1 0 3, 1 0 5^ 

[0 0 4 3] 



ttfc^S*tISr«FoTV^<?5-C±E^)IBa(0 J: 9^6 5 
Onmfc^5Rfi<BBfi3fc*:RiKU BjB31»-rsrt 

[0 0 4 4] 01 (B) 13, *i«OS2^1fi^Iffi 

[0 0 4 5] 1 (B) l£*5V^T. 4 0 111*— 
ftSl^g-Cfc 9 . «;ltf *-MSSR« 6 5 0 n m 

MM4 0 iS:BiS*5fcftoBB§61lt?*)^ m 



5fcfc^#ttKT?Wj£$ft-C^5o 4 0 413*— (Dig 

Mit4 0 1 cD-mzftm£titc*7-'?hQ, &m 

6 5 0nmfti©*C»L9 9 %£Jt±<0KW*«r8Fo «fc 
9t-*^^*x5 0 4 0 5(3m-OBe3tai^@T^t). 
W*.tftf>'tR*6 7 0 nm(?)afiM(liltt5SLD'e 

4 0 6|3ff|-^Bgft2£gig4 0 5£J^lfr 

r5fc»^KtM£«-?$>tK mm • ejksuc 

407 9 . ajS%«»s 4 0 5 <t 

rv>5 0 4 0 8 «*-(OBfi3taB3S«4 0 5 (D-mZ-YE 
StStbfcS 7 — T?*>!K SI 6 7 0 nmf+i£c0ftf£2tL 
9 9%a±©KI**«:l»oJ:5^«J«S*t« 0 4 0 913 

tv5o 4 1 oil*7 7>f/<3 05*tcf£M£*t/::^7^ 

^^U— ^-f V^tffcO, fit 6 5 0 nmtti£*5J:t;6 

7 0 nmf+iff^tt^<X(Ottfi#je^3tlC»LT9 9% 

[0 0 4 6] RMl (B) 4r#JHLT*»9i<B*2<D 
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fi3fc8S3£g4 0 l Sriiauii«*ix5. MTNIS^ & UN 
Lfctg—<&Bfiftl**S-fr3l«- 4 0 3 L*7 r -f ^ 

3 0 51CANU 3t#& • ^8t«4 0 9£ffli§-?-5 0 * 
<Dm&yt\±7T'f'<?l'—T<{>r4 1 0K£ 

U • ^$324 o ^iiifiLTStfls— <oBfift 

2Sijgg4 0 1 (CAN L> iiifiitffiSnSo 
[0 0 4 8 1 o£9fg-^A&3ttc8iLTte, 5 7-4 io 
0 4i:77^^^l/-f^ >^/4 1 0 ^^ffl-C^g^ 

[0 0 4 9] Mnoiae%MttB4 0 5^&B 

B^bfflitL^Ir <^®fi3t«^ 7— 4 O 8 (CRNSfr 
S«g)tSiS4 0 5 SrfflfflJMISJX'Sp HU«8ffid*& 

Js<3 051CANU • •&iBt*4 0 7\z£*)B- 

9 k j: «9 $ axstfig- (om&ytmmm 4 0 5iait 

[0 0 5 0] o£9!&-<0®fi3tlcHLTt>, ,7-4 

o 8 b77"C'<iru— i o £a>mi-c#fi»as 

i-J: !9 3t7r^^3 05*^(DiBi^Bfi3t*£*«or 

[0 0 5 1] »-*5«tT/igz:<Z)aje3t«:«;7r>f^3 0 

»iB*tt*Jcjfe|c«Lfc»jB*»l 03^it/i05tc 
##-U lr^ig)t|j:igl# i o lM3r#-T£ 0 
[0 0 5 2] ±i2<D<£ 5 tCJi^^^— SrRiK^-Sfci&tf) 

£l^tC, ft 7 T-< 4 5 0 nm, 4 8 0 n 

[0 0 5 3] *HJfiff|fC*5V^T3t^r^^3 05* {Cfp 
*Sixfc7r>r^^u— t^-t >^4 1 OI±a^3tK*6 40 
5 0 nmiocJ:t;6 7 0 nmfti5Cfc^Lt9 9 %£X_t<D 
SN*£#o«k5KL*:2^ H«ORN**:#*>* 6 5 
Onm. 6 7 0 nmtilf tli:#t5*ff«4ro(D7 

[0 0 5 4] ^Sf:77^/^i/-r^y^3 0 

6;te«fct*3 0 7 fcSf 4 5 0 n m, 4 8 0 nm^ti^tl 

[oo5 5] (m3<omm<omm) ^3 (a) 
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[0 0 5 6] @3 (A) tC*3V>T, 5 0 1 IS3!H<E>ffi)jg 
*ag^g-e$>^, fiS6 4 0 nmOajeft£rtiJN-f 5S 

LD-c«^^ti^> 0 5 o 2\^E.(om&ytmmm5 0 1 

«:KB£^£fctf><OIPB3£e-?*>!3, MM • iHlSS^Mi 
9«/&£;ft£ 0 5 0 3 9 , afi3tJB5 0 

**LTV*S 0 5 0 4iimHoa®3tSl^g5 0 
{Cf^»$tt^l^7— S?S6 4 0 nmcOftiC^L 
9 9%^±OSW^oi: 5{C«^$H5o 5 0 511 

«tllWDM*^7^64 
5 0 5 0 6tt3t7r><^3 05tftCfp»Stufc7r-<^ 
-f-^^i/T^^, 6 4 0nm^lC»lt9 9% 

[0 0 5 7] #ad|g|3 (A) *#ffilT*^^l3(D 
*tto»tt<&B«s«rttW-r*, 

[0058] m=cnmmytmmw 501 ^wbie 

S501 ^ili§it*I$tV^ 0 tt«B^5)tllltLfcS£iO 
BfiftmS-frU^?- 5 03jc«t53t7r>r^3 0 5(CAN 

ajfiJttt^r-Y^^w— ^-0^5 0 6^ 9KNU 
3t»» • ^St«5 0 5icJ;?)SlittLtS^fZ©® 

H<DAfiftf£B8LTE\ ^7-504i77>f^l — 

U3t7r>r^3 0 5*^<aa5V*BjBft*ft 

[0 0 5 9] *^M^2^1fe(D^ffi^IS3«(C^-*5 
£ ^Zl^ae^t^B 4 0 1.40 5H C0^— *5 £ 

l 0 llc^u fB = oBfi3fe|j:iai» 
1 0 5(c^t5o 

[0 0 6 0] 5 (cBfi3t«oiffiSS:Hofcf i 

MM<DJ&1&kmmz&M4 5 0 nm, 4 8 0 nm« 

77-Y^^U-T^>^3 08?rgtS6 5 0nm, 6 7 
0nmt)L<lt6 40nm, 650nm. 6 7 0 nmlC 
MLXfrft-fZX 5fcU 0llitfIfiftS»t3Olt 
(Distributed Feed back) ifcO^U— 
Tj>?<DmM*mt£ltZ>ZkK£ 5 On 
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m\ 6 7 O.nmfc L< «: 6 4 0 nm, 6 5 0nm, 6 7 

[0062] (m4(Dmm<omm) ^m<om4(omm 

Wli:o^TB2 (B) £[23 (C) iftffiv^RHt 
5 0 »l^ltlS©»»i:H:JI*«flB5>«>*HW-rs. El 
3 (C) £H2 (A) ^W7 0 1 

i>m3 (C) lc**LTV*fijft>SttT?*>«. i° 
[00 6 3) 4, M2 (B) IC*5V*T#*K»jfitt** 

[0 0 6 4] -<Dm&am3 (o *n*5ttsasfta» 

[0 0 6 5] -T 5 fc W£ 8 <Z)»***W:iWflr 2 C0#*« 20 

S#l 0 4o*!!)Rfi4 5 0nmO»ft*ti:*<ft 

[0 0 6 6] &±<0IIJ[»;L*-J4\ *X9i<Bffi4<alli(ll 
*>»«<o*j**:B3 (B) S:#flRU 

[0 0 6 7] |g| 3 (B) fC^T 6 0 1, 6 0 2|j:^(> 

1 8 0 0nmft^MS»Sltt 
<5 0 :(D7r^^W-N>^6 0 1, 6 0 2l*j£g30 

1 8 0 0 nmf+ac<03tlc*fLT#ffi«S:«fi£Lr^-5o 
COftfiWSiSfcJ: DKSl 8 0 0 nm053t^BS#»» 
t£i:9 3£CS 0 "T5^±iEt0lSS(cJ: t>ifcg4 5 0 n 
m N &£Xf4 8 0 nmOM*tI^#5r 

So 

[0 0 6 8] ^^I^CD^gte, T-r^/WOfcW 

[0 0 6 9] a±BWLfc::o»H©Wjftt:*i:»fti 

Srtu^-rs;*— ^^-fev^y-f a-— k(sld) 

2ffl0f{Cffi^B^S^S-C«^^tt5KSB^*^ so 
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[0070] Suisr y^3y/<- v^a y7r^/< 
»)A(Tm)>ft>^Dlfc)t77^^fc^ 
RfiAffia<Dft&Rit-rS¥S:4: LT6 5 0 nmtt-fitf) 
*feJte*10 0%iE<R«U KSB^SW^g^lt 
S LD^^^ P ftijTI^4 5 0 nmtti£*5j:tf 4 8 0 n mtt 
i££ 1 0 0%iS<S«L«b«ftiJ"CI'±4 5 0 nmf+j£*5«t 
1/ 4 8 0 n m#i££Sfl#St*-r £ t V * 9 J$0 0 

[0 0 7 1] SulS^SB(75SW#^:^9^SLD 
^ ^ 7<D&ttM<OKM^WL<D&ft&Mm* 4 5 0 n m# 
iS*3J:r/4 8 0 n m#ffi"e*45SW**fflV^ V> 5 

0 0 %i4< SW-TS i: v^ 5 Wric&tfcttT J: v\, 
[0 0 7 2] ME«SA5£jaoa«W*«oft« 
<hUT, 6 5 0 nmftiEO#fift*3j;tf6 7 0 nmf+ifi 
1 0 0%i£<Rlt-rS^ 5V«J**rftJlDUfc 
Tyy'zi >v<— ^ 3 >77^/< If 36B tLtfcJ: 

[0 0 7 3] 4^mrfB»*AieiacDa^W«»<ojKfii: 
It, 6 4 0 nmffia > 6 5 0 n mtti&te XXf 6 7 0 n 
mtti£tf>*feft£ 1 0 0%i£<Km-*£^5#WcS:f+ 
iDlfcT^7 P ^>/<-v ? 3y77^^ l-'— If 3£B £ LT 

[0 0 7 4] «E«ftBOK«fSifC4 5 0 

nmf+iS<t 4 8 0 n mttiff {C#D;tT 1 8 0 0 nmft-ifirtf) 
5W#a*fc»*>, 1 80 0nmWfi-Ct*fiS»«i6* 

£ 5 mj&* $ e>{c#jp L/tr 3/^=1 V 3 

$:ttLfc3t77^^^ mjISKgAifiiS^^fe^S 
tt-r<53M8:£ LT 6 4 5 nrnttifttf^feft* 1 0 0%i£ 
<R*tU «HB«*Bfl5S**#Si:UTSLD^y^« 
-e«5 4 5 n mtti££: 1 0 0 %ifi < K» Lft&*8ffiiJTr± 5 
4 5 nmWi£«rSB»Slt-r5i:V^««S:f+iOUfcr y 
^ >'<—is 3>77^^ l — If 3£B£#6 r £ TsulS 

-f^<-e*>t), MfEi&gAieiatoASrRtt-re^at it 

9 7 0 nmifcH8 0 0 n mtti£tf>5^3fc£ 1 0 0 %i£ 
<S^L, KHEMBCRWWiUTSLDf-y^fll 
■Cfi 5 4 5 n mtti&$: 10 0 %ift< S4t Lffe*8{B!J-eJ2: 5 
4 5 nm#j£«rSU^K«-r5i:V>5«**f+iDLfer y 
>'<—is 3 >7 7 W ^u— tf^B*#5 ^i-etl 

[0 0 7 5] 
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4*5 0nnK 4 8 0 nm(D3tl:«ffl^U 

[Bl] ^(D5gK(D»l £®2<D*Jft0^f^^tm> 
[021 T m 3 + >f t V IriKf 6 5 0 n mttfiOjt^B 

6 5 0 nmO*tijfiLfc^#x^;w*J||ffi(Q^ 
[El 3] #85fli:t57y^3W<-ygV77-f^^ 10 
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3, 4 0 4 0 4, 4 08-;7- 4 0 

5 ~-m-(Dmmytnmw. 409 • 4 

lO-77^^i/-r^^ 5 O 1 •••IgHtDBfijgft 
5 0 2-im& 5 0 3-8^*f, 5 04 
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[#«s*tjE i ] 

imxm i ] < t a «r*tf jg i o3t£tti2i-r 

-51 — if^-T -ft. 

- O w— if *V Yf- y ^»3ttti/j»K:-:*f 

X BuiSS 1 W3t*RW-rS» 1 <D 5 7- £ -e«J&£*t-5 
bHIES l w-if y-r k*- •yy'twimm l tf> $ 5- 



w^t^ta^-f s»2 cD*^3§t, 

Ho 

«U 6 50nmftifi«#fe*-Cfe(3, 

BUSES 2 W3t#SS§-^*S-t--5S 2 W3tl4, 4 5 0 n m 

#i£*J otO:4 8 0 n mft-j£tOft-e£> (3 , 

4 5 0 nm#ia*3j:U t 4 8 0 n mMifiWtb^i^tSr^S^ 

* It® t -r £ if 1 IE® W r s/ 7° a >s<- b V V r 

[If*^4] BtfES3(73 5 7— «4 5 0 nm#i£J3i 
#4 8 O nmft&%gB#Rtt-f 4 5 0nm#i£i 

4 8 O n mttifii Xtt. M^SSW^^^-rSSB^RW 
-Cfc 5 ft®, t -f 5 3 Eft w T 5> 7° = 5? 

[f«*«5i BusE*7 r -r^(c*j-bt:. £e>fc&sc 
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U (IWEtS 1 ^*<-fcfc»*Afc»*C«r&tf 
WE*7r^^iy4, mjfE^2(D^ 7-fc LTBufEjgtg 

Ate sr^tftinaw i ^ft£#ss«-fsffi 20^^- 
Srtttt fc n fc £4$® fc -r 6iit#JS 1 ie«ot * ^ w< 

[1**96] *WB*1*>*H\ 
6 5 0 n mfl"iff<0*fejfc*3 «fc 6 7 0 n mftiS 

6**4*»fc I"*!*** 5 ISftOT y ^=3 

C, D(7)MA*t5^2, ^ 3 If £V K^- 

y^SrK^, i&B*l<D#a*, '>fc< fcfcftfiAfcjfcft 
CfcjgSD£^ip£5l-U 

A CAt^DOjfeSrSW-rS* 2 <£> ^ ^-^^^stjiBm 
1 <£>3fcte, 

6 5 0 nm{+j£:}3«J:TJ<6 7 0 nmtti£&tf 6 4 0 nmtt 

[f»#9 8 ] BUfEgS 2 <D*fi«tt:, mFl5 4 5 0 n mtt 
i£fc 4 8 0 nmf*iE^#««tt*ClD*.T 1 8 0 0 nm# 
afi^*^^««ft t>o*fe««fc t-^BI** l 7 

/u^r>A (Ho) ^^-^^^DLfc^t^r-Y^-efc^. 

^fllJ-C« 5 4 5 n mf+i££r 1 0 0 %S<gW U&a»ffl|f 
12 5 4 5 nmtfxE*tt#E»-r**«*MBfc U 
ffl^fcLTte, 5 4 5 nm#j£©tUA*S:#5*S:» 

[»**1 0j jtuET v? 3 >^7-f 

(Er) >f:*>£SJDL;tofc:7T-f 
9, HuJE»1^3tO*fi*fc LTtt, 9 7 0nm^f;jj: 
8 0 0 n mf+iee^*^**#fi-r 5 £ 5 H U 
ffiE»2(Ojfc^*fi»fc L-Ctt, ypf^jt— VTv 
T'W'Vte 5 4 5 n mttiESr 10 0%i< KfJ L«fc*8{ffl-e 
te5 4 5 nmW-i£«:»»Rlt'*--5*«««fc U 
HJ^jftfc LTf*. 5 4 5 nm#ifi(Obb^5t^#5*?:^ 
» fc -T 5 1***1 E®<£> Ty^^^^—i/a^z/T^^ 
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d! yT" ( S L D (super-lujninescentdi 

ode^jb^O) ^ «J5fe^tt5 0 3 0 2 (^Sfjfi^tai^S 3 

imjE%mms£] 0027 

[0 0 2 7] 3 05tt7yfklfciR^7ty >x*;^ 

Tm3+#8SiDSixT^5o 3 0 3 l4»S^#f 9 , 
®^*Si3 0 1 i*77^><3 05fcSr«-&-fSfe«>^ 

9 , ®S3t^KS 6 5 0 n mftiS^LT 9 9 %£X±(D 
MKk$m*^1rZ> 0 3 08tt«77^^3 05^(Cf^Sg^ 
tltl7T'('<yu—y->(>lf (;7") -C*>t>, 

6 5 0 n mf+i£lC# 199 %W_bcOiSS^^$r*-r 
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